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® Production of L-amlno acids by transamination. 

© A process is described for producing alpha amino acids 
or derivatives thereof. The process comprises reacting an al- 
pha-keto acid with L-aspartic acid in the presence of transami- 
nase enzyme to produce (1) an alpha amino acid correspond- 
ing to said alpha-keto acid and (2) oxaloacetate; and decarbo- 
xylating said oxaloacetate. 

Also decribed is a process for producing L-amino acids 
directly from the corresponding D,L-amino acid racemic mix- 
ture. The process comprises reacting said D, L-amino acid mix- 
Gl ture in admixture with a D-amino acid oxidase and a transami- 
^ nase in the presence of a suitable amino group donor. 
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/I Docket #35039 CIP 

PRODUCTION OP L-AMINO ACIDS BY TRANS AMINATION 

This invention relates to the production of alpha amino 
acids and derivatives thereof, and in particular, to the 
production of L-amino acids and their derivatives by 
transamination between L-aspartic acid and alpha-keto acid 
compounds corresponding to the desired amino acids. 
invention also relates to the conversion of D . L-amino acids to 
L-amino acids in a single step process using D- amino acid oxidase ; 

to convert the D— amino acid to a 2-keto carboxvli c acid and then j 

I 

using the transaminase to convert the 2-keto ca rboxylic acid to 

I 

L-amino acid. 

Background of the Invention 

Amino acids currently have application as additives to 
animal feed, nutritional supplements for human food, components 
in infusion solutions, and synthetic intermediates for the 
manufacture of pharmaceuticals and agricultural chemicals. 
L-glutamic acid is used as a flavor enhancer for food with a 
world market of over 1 billion dollars annually. L-lysine and 
methionine are large volume additives to animal feed, and 
L- tryptophan and L- threonine have similar potential applications. I 
L-phenylalanine and L-aspartic acid have very important markets 
as key components in the manufacture of the sweetener aspartate. 
Infusion solutions require a range of amino acids including those 
essential in human diets. 
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Methods currently in use for the production of amino 
acids include extraction, chemical synthesis followed by 
resolution, fermentation and enzymatic synthesis (biocatalysis) . 
The L-form of the amino acid is required for most ap plications 
but certain amino acids are much more easily produced in the 
racemic D.L form rather than the L-form. Extraction procedures 

require extensive purification of the amino acid of interest fromi 

j 

protein hydrolyzates. With chemical synthetic methods , normally i 
a racemic mixture is formed, and the resolution to produce the I 
optically active product is often costly and inefficient. j 
Fermentation, while -overcoming many of the disadvantages inherent ! 

in the previously mentioned methods, suffers from problems of j 

j 

slow rates of conversion, dilute solutions, costly purifications, j 
and very high capital costs. Biocatalysis offers the potential 

j 

for lower cost production in many cases primarily because of the 1 
significantly reduced capital requirements, lower purification 
costs due to the absence byproducts in the product stream, and 
higher rates of conversion of substrates to products because 

fewer enzymatic steps are involved. \ 

i 

Some biocatalytic processes are currently in use. For 
example, L-aspartic acid is produced in commercial quantities by 
the reaction of fumaric acid with ammonia in the presence of the 
enzyme aspartase. See Tosa et al, Appl. Microbiol. 22, 886-9 
(1974) . L-phenylalanine can be produced by enzymatic synthesis 
from cinnamic acid and ammonia using the enzyme 
phenyl alanine- ammonia lyase. L-alanine can be synthesized from 
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L-aspartic acid by enzymatic decarboxylation. See U.S. Patent 
Nos. 3,458,400 and 3,463,704. These processes are useful for the 
production of the individual amino acids listed. However, none 
of these processes is based on a general enzymatic technology 
broadly applicable to the production of many amino acids, 
i One enzymatic process broadly applicable to the 

production of many amino acids is described in 0»S. Patent No. 
3,183,170. In the process of U.S. 3,183,170 L-glutamic acid and 
a keto acid are combined with transaminase to produce alpha-keto 
| glutaric acid and L-amino acid. The alpha-keto glutaric acid is 
! continuously reduced _to L-glutamic acid in the presence of a 
| multi enzyme system, hydrogen gas, and a nitrogen source, such as 
j inorganic ammonium salt, organic ammonium salt, ammonium 
hydroxide, ammonia gas, or urea. The L-glutaraic acid thus 
produced is recycled thus enabling the production of large 
amounts of L-amino acid with a small quantity of L-glutamic acid. 
However, this multienzyme system is difficult to operate on a 
commercial scale because it requires the cof actor NAD/NADH which 
| is expensive, hydrolytically unstable and sensitive to oxygen and 
to light. 

A commercial process for the resolution of D - amino 
acids currently exists (see T. Tosa. Biotech. Bioenq. 9, 603. 
(1967); U Chibata et al. , Methods. Enzvmol. . 44. 746 (1976)), 
In the process, the D.L-amino acid is reacted with acetic 
anhydride to produce the D.L-N-acvl- amino acid. Reaction with j 
the enzvme L-amino acid acvlase from porcine kidney or the fungus 
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As pergillus nrysae s pecifically hvdrolvzes Only the L~N~aCY l 

a^jno actfl. produc i ng a 1:1 mixture of the des i red L-am i no ac i d 
«nd unreached n-w-a cyi amino acid- — These products are s eparated 
and the u n reactea p -N-racvi amino acid is racemi z ed and recycled 
frhr<™< ? h fchs process, starting with the N-acvi amino acidr the | 

process requires th ru* discrete steps; e nzyme cata l y z ed j 

hydrolysis of the T.-M-acvi am i n o ac i d, phys i ca l separat i on of the .« 
j r ^nn acid from th e n-M-acvi amino acid and racemization of the j 
p-w-acvl amino acid for recycling through the Process. 

finmmarv of the Tnvervfcion 

The present invention provides an enzymatic process ^ 
capable of producing many alpha amino acids from the readily 
available L-aspartic acid (or ^-aspartate) . In the process of 
the present invention, L-aspartic acid and an alpha-keto acid are ! 
reacted in the presence of a transaminase to form L-amino acid 
and oxaloacetate, followed by decarboxylation of said 
oxaloacetate to form pyruvic acid. The decarboxylation of 
oxaloacetate drives the reaction to completion. Yields of 95% or . 
more of the desired L-amino acid are readily obtained. The 
by-product, pyruvic acid, is readily separated from the L-amino 

i 

acid and is highly marketable. 

tJip invention also provid es a method for converting j 
n.T.-amino acids into r , -amino ac i ds i n a s i ng l e step. — ixukhs. 
pr ocess of the pres en t invention, an enzyme D-aiaino a<?id oxidase t 
is used tO conver t the D-annno acid in the D,L-mixtures to the 
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r ft rr MP ondi nn ?rketo acid . The 2-Kf t o flffid Is i n turn 
fr.ransaminafr** ^vma Hcal lv ' to the corr espond i nq Irnmlnp flc i a i n 
fc fre same m i xture. The two - gngvme catalyzed reactions occur i n a 
single pro ce ss step - thus producing L-anii.no acids d i rect l y and i n 
h,igh yield from D.T-amino acids. 

The conversion of n-amino acids to 2-Ket9 acids using 
n-amino acid oxidas e has been described fry Hi l SSPn Qt al . i n 

ap pi. RiochAin, Riotechn oK . 7, 47-9 f19 fi?> ■ See a l ffQ Brodel i us 

er al., APPK Rinchem. Rint^hnol. 6, 7.93-308 HMD and FinK St 
al.. MChB Sy m p- Ser. ZA, 1^4 (3 97fl) ■ However, there hag been 
no suaoes f inn for using IVaminO acid CJUflafifi COUP l ed with a 
transaminase to co n c e rt n^- amino acid mixtures d i rgCt l V tP 
r,- amino acids. 

netailed Description of the Tnvention 

In accord with this invention a class of enzymes known as 
transaminases (aminotransferases) catalyze the general reaction: 



r!-CH-C0 2 H r!-c-co 2 h 



NH 2 



O 



L-amino acid A ■ ^ 2-Keto acid A 

+ + 

R 2_ C -C0 2 H r2-CH-C0 2 H 

II I 
O NH 2 

2-Keto acid B L-amino acid B 
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By choosing the proper 2-keto acid precursor B, a de.sired 
L-amino acid B can be produced by transamination using another 
L-amino acid A as the amino donor. As a byproduct of the 
reaction, a second 2-keto acid A is produced along with the 
desired L-amino acid B. The advantages of this transamination 
technology are: 

1. L-amino acids are produced specifically. 

2. The 2-keto acid precursors are conveniently available 
from chemical synthesis. 

3. The rates of reaction are relatively rapid. 

4. The capital costs are lower than for a fermentation 

process. 

5. The technology is general because transaminases with 
varying selectivities are available, e.g. aromatic amino acid 
transaminases, branched chain amino acid transaminases, 
transaminases specific for amino acids having acidic side chains, 

etc. Such transaminases can be prepared, for example, from the i 

! 

following microorganisms: Escherichia coli (£• coli) , Bacillus 
subtil is, Achromobacter eurydice, Klebsiella aerogenes, and the 
like. Transaminases useful in the practice of this invention arei 
also described by H.E. Umbarger in Annual Rev. Biochem. r Vol. 47, 
pp. 533-606 (1978) . 

The single greatest disadvantage of this general method 
is that the equilibrium constant for the transamination reaction 
as written above is about 1.0. As a result, the yield of the 
desired amino acid for the reaction as written will never exceed 
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approximately 50%, The key to the development of a commercially 
successful transamination process for the production of amino 
acids is overcoming the problem of incomplete conversion of 
2-keto acid B to the desired L-amino acid B. 

This problem is solved by the present invention by using 
L-aspartic acid as the amino donor (L-aroino acid A) and by 
converting the byproduct (2-keto acid A), i#e. oxaloacetate, by 
an irreversible reaction, decarboxylation , to pyruvic acid. 

Preferably, the irreversible decarboxylation of 
oxaloacetate is coupled to the transamination reaction. Thus, 
the transamination reaction is driven to completion, as shown 
below: 

CO?H OO9H transaminase CO9H CO9H 

i i i i 

H-CNHo + C=0 ^ — — OO + H-C-NHo 

II II 
CH 2 R CHo R 

I I 

C0 2 H C0 2 H 

J, decarboxylation 
CH3COCO2H + CO2 
By coupling the decarboxylation of the oxaloacetate to 
the transamination reaction in accord with this invention, the 
production of L-amino acids in high yield can be obtained by this 
biocatalytic method. Dsing this method, the conversion of the 
2-ketoacid precursor B to the desired L-amino acid B in yields 
approaching 100% have been achieved. 

The decarboxylation of oxaloacetate can be catalyzed 
either thermally; chemically by various metal ions, amines and/or 
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acids? or preferably enzymatically by the enzyme oxaloacetate 
decarboxylase (OAD) E.C. 4;1.1.3. Oxaloacetate decarboxylase 
from any source can be used. Examples of sources of oxaloacetate 
decarboxylase useful in the practice of the present invention 
are, for instance , Micrococcus luteus, renamed from Micrococcus 
lysodeikticus (see Methods in Enzymoloay 1, 753-7 (1955) which is 
incorporated by reference/ Pseudomonas putida (see Biochem- 
Biophys- Acta 381-3 (1964) which is hereby incorporated by 

reference) , and Azotobacter vinelandii (see J. Biol. Chem. 180 f 
13 (1949) which is hereby incorporated by reference), etc* Also, 
any other enzyme havj.ng an oxaloacetate decarboxylase activity 
but not usually regarded as an "oxaloacetate decarboxylase" may 
be used such as, for instance, pyruvate kinase, malic enzyme, 
etc. The activity of oxaloacetate decarboxylase can be enhanced 
by adding metal ions such as, for example, Mn ++ f Cd ++ , co ++ , 
Mg" 1 "**, Ni ++ , Zn ++ , Fe ++ , Ca++ and the like. 

The process of this invention can thus be used for the 
production of a large variety of L-araino acids by choosing the 
proper 2-keto acid precursor and an enzyme capable of 
transaminating it with L-aspartic acid. For example, the amino 
acid L-phenyl alanine, a key component in the manufacture of the 
sweetener aspartame, has been prepared by this method in high 
yield from phenylpyruvate and L-aspartic acid using a 
transaminase isolated from E. coli and an oxaloacetate 
decarboxylase isolated from either Pseudomanas putida or 
Micrococcus luteus. Similarly, using these same enzymes. 



8- 



0135846 

9 ; ; x; xx xL. 

p-hydroxyphenylpyruvate was converted into L-tyrosine, 
indole-3-pyruvate or 3- (3-indolyl) pyruvic acid has been converted 
into L-tryptophan, and 2-oxo-4-methylpentanoic acid has been 
converted into r,~ Ten cine, and 4-phenyl-2-oxobutanoic acid has been 
converted into L-4-phenvl-2-amino butanoic acid. By using 
transaminases with different specificities, 

2-oxo-3-methylpentanoic acid was transaminated to L-isoleucine, 
2-oxo-3-methylbutanoic acid to L-valine, pyruvic acid to 
L-alanine, 3 -hydroxy pyruvate to L-serine, glyoxylic acid to 
glycine, and 2-oxo-4-thiomethylbutanoic acid to L-methionine. 

Thus, R in tbe keto acid starting material RCOCO2H can be 
selected from a wide variety of substituents including, for 
example, hydrogen, substituted and unsubustituted lower alkyl, 
substituted and unsubstituted lower arylr and heterocyclic 
groups. 

The term "lower alkyl" as used herein means both straight 
and branch chain alkyl groups having from one to about six carbon 
atoms, substituted lower alkyl groups means lower alkyl groups 
substituted with hydroxy, mercapto, carbamoyl, carboxy, amino, 
araidino and R'-thio (where R' is lower alkyl) groups such as 
found in natural amino acids. 

The term "lower aryl" as used herein means phenyl and 
benzyl groups. Substituted lower aryl groups includes phenyl and 
benzyl groups substituted with groups such as those listed above 
for lower aklyl. 

Heterocyclic groups as used herein means 
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4-imidazoy imethvl. 3 indovlmethvl , and the like. 

Examples of such Regroups suitable for the practice of 
the present invention include x hydrogen, methyl, isopropyl, 
isobutyl, sec-butyl r benzyl, pheny 1- 1- < roe thy lthio) ethyl, 
hydroxymethyl, mercaptomethyl, p- hydroxy benzyl, p~ hydroxy phenyl, 
carbamoylmethyl, carbamoyl ethyl, aminobutyl, amidinoaminopropyl, 
indolyl, 3-indoylmethyl, imidazoyl, 4-imidazoylmethyl, and the 
like. 

The byproduct of the decarboxylation of oxaloacetate, 
pyruvic acid, is a valuable commerical product and can be 
recovered from the product stream by any method described in the 
prior art, such as acidification and distillation., ion exchange, 
solvent extraction, and the like. 

Tn accord with ano ther embodiment of this invention .a 
class of engymes known as D- amino acid oxidases tE.C. 1.4»3,3.1 
catalyze t he general reaction shown in Scheme 1. 



yhls enzyme reacti on can be coupled to the above transaminase 
reaction to produce ami no acids from racemic mixtures of 
n r L>amlno acids in accord with the following reaction scheme; 




o 

W 

R^C0 2 H + NH 3 + H 2 0 2 



D - Amino Acid 



2 - Keto Acid 
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A1 




H ^NH 2 

ih - Amino Acid] 



T 



L-Asp or L-Giu 
Transaminase 

O 

D-Amino Acid Oxidase II 

> R^\C0 2 H 



°2 



ID - Amino Acid] 12 " Ketoacid] 

Molecular oxygen is illust r ated in the above reaction Scheme a s .. a 

hydrogen ancestor for n-amino acid oxidase, producing hydrogen 

peroxide as a byproduct. 

However, other h y drogen acceptors SUCh as dves can alSP 

Tvamino arid oxidas e can be obtained from anv source 

for use ii) this invention, flxamp l gg i nclude Pprc j ne K i dney f 

rprioonopsis variab j iHs. funni of the genus Cand i d a r and the 

like, TV}g n-amino acid oxidase f rom porcine kidnev has been Well 
characterized and an accou n t of the properties Of thiff? en z yme can 



he found in a, Hei ^ r and p. willner. The Enzymes t It 634 

other enz y me* useful in the practice of the present 

Invention are tho s e having more substrate specific i ty SUCh as 
D-aspartate oxidase (R.r!- l -A-3.1) and D-glutamate oxidase (B.C. 
L^A^UIL. Such enzymes wi l l be referred to collectively here i n, 
^ n-amino acid o x idase unless a more specific enzyme is used. . 
The enzvme from po r cine kidnev is preferred for use in th i s 

invention because it has a br oad s ubstrate s pecif i c i ty r act i ng on 



all p-amino acids except those w i th ac i dic and bas i c side , cha i ns. 
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Tfc has a specific activity ranging from 2Q-6Q m i crgrcp l es Product 
produced per minu t e per milligram of protein, depending on Wh i ch 

D-amino acid is chosen as substrate- Oxygen IS the IPPSt 

effective election acceptor, but certain dves can a l so fre used 
with lower efficiency- The enzvme is not inhibited bv Lr amino 
acids or amino acid a m i nes, but is gQffi Petit i Ve l y . i nh i bited tP 
varying de grees bv ?-keto acids and 2-hYdrgxvagidS * 

Ap propriate amino grou p donors for the transaminat i on 
reaction coupled to the D-amino a cid oxidase reaction are 
Ti-olutamic acid and T^aspartic acid r Roth of these amino acids 

are readil y available and inexpensive » Preferab l y, 1,-aspartiP 

acid; is used as t h e amino donor <L-aminP acid ft) and the 
b yproduct f2-keto a ryd a) . i.e. oxaloacetate is converted fry an 
irreversible reactio n , dec arboxy l at i on t tP PY ruv i g ag i fl* 

Hydrogen peroxide accumulation has b een shpwn tP 

inactivate enzvme s (Greenfield et al., flflttL, BiPChePU 65 r 1 Q9 

and can al s o cause the decomppfiitipn P£ 2-KetPflgidS» — 2& 
prolong the half-li f e of acti ve enzyme in the PP UP l ed Pfltfl l Ytic 

system and prevent ketoacid decomposition, the B *?Q? PEPdUCed in 
the step catalyzed by D-amino ac id oxidase can be removed bv any 
of several methods for decoupling H ^Q? well known fry th PSe 

skilled in the art. 

one method involves the use pf the enZYTDg catalaSE, 
which ca t alyzes the disproportionation of E ->Q?> tP IBP l egu l ar 
oxygen and water as shown in the reactipn? 
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Catalase 

H202 H20 + 1 02 

: : 2 

Catalase is commercially available from mammalian liver 

or Asper gillus niger. with the Aspergillus niaer catalase showing 

better stability. The use of catalases has the added advantage 

that the disproportionate produces one molecule of for ever y 

two molecules of H 2Q3 generated. Since Q 2 is the initial 

electron acceptor for D-amino acid oxidase , its production by 
dispropprtiontion pj E2Q2 by catalase helps supply the oxygen 
requirement far the oxidation of amino acids and partially 

alleviates the problem of transfer of oxygen from air across a 
gas-liquid interface, Catalase. however, is slowly inactivated 

bv h 2 Q2 as well. ft second method for removal of H2&2 involves 

its., decomposition by any of several metallic oxides. The use of 

metal oxides , preferably manganese oxides such as Mn^. either 

with or without catalase r offers substantial stability for 

amino acid oxidase « transaminase r and other enzymes used in the 
practice of this invention. 

Thus, the R group in the D,L-amino acid starting 
material can be selected from a wide variety of substituents 

including r for example < hydrogen r substituted and unsubstituted 
lower alkylr substituted ..and unsubstituted lower arylr and 
heterocyclic groups r which are defined above. 

The enzymes can be added to the reaction mixture in 
whole cellsr crude cell lysates, as partially purified enzyme or 
purified enzyme. Preferably purified enzymes are used, either 
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immobilized or in solution, because the conversion rates per unit 
of enzyme are higher. The 'enzymes can be purified by techniques 
well known to those skilled in the art. Examples of purification 
of oxaloacetate decarboxylase from Micrococcus luteus and 
Pseudomonas putida are described by Herbert, Methods in 
Enzymology 1, pp. 753-57 (1955) and by Morton et al., Biochem. 
BiOPhys, Acta. £2., pp. 381-83 (1964) . 

The enzymes can be used in solution or as immobilized 
enzymes, as aforesaid, in the practice of this invention. One 
example of an immobilized enzyme system is described by Wee tall 
et al., Methods in EnzvmoloQV pp. 59-72 (1974) , which is 

hereby incorporated by reference. Weetall et al. describe a 
method for immobilizing enzymes on gl ut a r aldehyde activated 
controlled pore glass beads (Corning) . 

In accord with this method, transaminase was coupled to j 
the glass particles by reacting the enzyme with the activated j 

i 

glass particles at 0-5°C for 2 hours in a phosphate buffer \ 
solution having a pH of 7.0. The coupled enzyme can be used 
directly or first reacted with 1% sodium borohydride to stabilize i 
the covalent link between the enzyme and the activated glass. j 

Other suitable substrates for immobilizing enzymes for 
the practice of this invention include porous ceramic, sepharose, , 
diethylaminoethyl cellulose, and the like. These substances can ! 
be activated, if desired, by techniques well known in the art. 

The oxaloacetate decarboxylase is either immobilized 
separately, or first mixed with the transaminase and the mixture 
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co- immobilized. Glass beads on which the enzymes had been 

covalently attached by the af oredescribed procedures were 

suspended in a solution containing 10 mM phenylpyruvate, 10 mM 

L-aspartic acid, 1 mM MgCl2 or M11SO4 , pH adjusted to the range 
I * ~ j 

! 4.0-10.0 and most preferably between 5.5 and 8.5. When all the 

jl phenylpyruvate had been consumed, the solution was filtered away 1 

jj from the glass beads and the products L- phenyl alanine and pyruvic I 

acid isolated and purified by conventional methods. 

The D-amino acid oxidase and transaminase may also be 

immobilized separately or first mixed together and co- immobilized 

as a mixture, In like manner, catalase and/or oxaloacetate 

decarboxylase mav also be either immobilized sepa rately or mixed 

with the other enzvmes and the mixture co- immobilized. 

immobilization supports to which the enzvmes have been 

attached can be suspended in a solution containing D.L- amino 

acid, an amino donor preferably L-aspartic acid, and py ridoxal 

phosphate (as a cof actor for the transaminase) with the pH 

adjusted to the range 2.0 to 12-0 and most prefer ably between 5.5 \ 

and 8.5. and the solution incubated at a temperat ure between 4°C . 

and 50°C and most preferably between 15°r and 4Q° C. The reaction : 

can be monitored either bv polarimetrv or bv meas uring the 

Consumption Of L-aSPartjc add. When the optical rotation of fchg j 

solution has ceased changing or n o further consumption of 

L-asoartic acid is noted, the solution is filtered away from the 

immobilized enzvme and the L- amino acid is isolated and purified i 

bv anv methods in the prior art such as precipitation. 
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crystallization, ion exchange chromatography, and th* 

The reaction of L-aspartic acid to produce L-amino acids 
and pyruvic acid can be monitored if desired, A general assay 
which is applicable to the assay of all transamination reactions j 
using L-aspartic acid as the amino donor regardless of the 2-keto 
acid precursor that is used is the following: L-aspartic acid, a 
2-keto acid, transaminase, NADH, and the en2yme malic \ 
dehyrogenase (available commercially) are dissolved in solution 
of phosphate buffer as a pH between 6.0 and 9.0; the change in 
the absorbance at 340 ran (A340) with time is measured. This 
change in the absorbance at 340 nm corresponds to the consumption 
of NADH during the reduction of oxaloacetate^ formed from 
L-asparate during the transamination reaction. 

As an alternative, for instance, the conversion of 
phenylpyruvate to L-phenyl alanine can be conveniently assayed by 
taking aliquots from the reaction mixture containing, for 
instance, transaminase, phenylpyruvate, L-aspartate, oxaloacetate 
decarboxylase, and metal ions, diluting them into a solution of 
2.5% sodium hydroxide in water (w/v) , and measuring the 
absorbance at 320 nm. Dilution into sodium hydroxide causes 
rapid achievement of the equilibrium between the Ice to and enol 
forms of phenylpyruvate. The extinction coefficient at 320 nm • 
for the equilibrium mixture is 17500 M" 1 cm" 1 . Thus, the 
conversion of phenylpyruvate into L- phenylalanine can be 

j 

quantitated rapidly. This asssay can be corroborated by ; 
measuring L-phenylalanine qualitatively by paper chromatography 



-16- 



0135846 



and quantitatively using an amino acid analyzer. 



Similar techniques ' can be used to assay for the 



conversion of other 2-keto acids into the corresponding L-amino 
acids. The transamination of p-hydroxyphenylpyruvate to 
L-tyrosine can be monitored by diluting aliquots removed from the 
reaction mixture into 2.5% NcOH and measuring the absorbance at 
331 run (extinction coefficient of 19900 nT 1 cm" 1 , and the 
conversion of indole-3-pyruvate into L-tryptophan can likewise be 
followed by measuring the absorbance at 328 run (extinction 
coefficient of 10000 M" 1 cnr*) . j 
The invention will now be further illustrated by the j 
following examples which are given here for illustrative purposes : 
only and are not intended to limit the scope of the invention. 

Example 1 preparation of Aromatic Acid Transaminase 

E. coli K-12 maintained on L-broth plates was innoculated 
into 2.0 liter shake flasks containing 500 ml of the medium 
listed below: 



KH 2 P0 4 



5 g/Liter 



K 2 HP0 4 



5.56 g/liter 



CNH 4 )2S0 4 



2 g/liter 



HgS0 4 



75 mg/liter 



Na 3 (citrate) -2H 2 0 



1 g/liter 



♦Trace Metals 



3 ml/liter 



Glucose 



10 g/liter 



♦Preparation of Trace Metals Solution 
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Metal salts 


Amount 




concentrations 


FeCl3*6H 2 0 


27 g/1 




300 UM 


ZnCl2 


1.3 g/1 




30 uM 


CoCl2* € H2° 


2 g/1 




25 uM 


Na2Mo04*2H20 


2 g/1 




25 uM 


CaCl 2 *2H 2 0 


1 g/1 




20 uM 


CuCl 2 *2H 2 0 


1.27 g/1 




22 UH 


H3BO3 


0*5 g/1 




24 UH 


HC1 (cone) 


100/ml/l 




3*6 uM 


Growth was 


at 37 C for 


15 hours* 


These flasks 



to innoculate 14 liter Biolafitte fermenters (1 liter of shake 

flask culture into 7 liters) containing 7 liters of the growth 

medium listed below s 

KH2PO4 2.0 g/liter 

K 2 HP0 4 3.6 g/liter 

— . _O*H 4 )2S04 750 mg/liter 

Na 3 (citrate) '2H 2 0 1 g/liter 

Trace metals " _ 3 ml/liter 

Pump in glucose as needed. 



Growth was at 37°C with aeration at 300 rpm and the pfl 
was maintained at 6,9 by titration with ammonium hydroxide. The 
cells were harvested by centrif ugation at 4000 rpm and frozen at 
-10°C until needed. 
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Purification of the Aromotic Acid Transaminase i 

All steps were carried out at 4°C. Centrif ugations 
were carried out in a Sorvall RC2B centrifuge. 

1. E. coli K-12 cells (80g wet weight) were 
resuspended in 200 ml of an aqueous buffer solution, pH 7.0, j 
containing 200 mM potassium phosphate, lmM 

ethylenediaminetetraaccetic acid (EDTA) disodium salt, lmM 

i 

beta-mercaptoethanol, lmM pyridoxal phosphate, and 0.02% « 
(weight/volume) sodium azide. The cells were sonicated using a ' 
Heat Systems - Ultrasonics Cell Disruptor with 4 one minute 
bursts, power setting 9. The cell debris was separated by 
centrif ugat ion at 12,000 rpra for 20 minutes. I 

2. The crude extract (supernatant from step 1) was 
made 1.25% weight/volume in streptomycin sulfate by adding the 
appropriate amount of a 40% streptomycin sulfate solution ; 
prepared in the buffer of step 1. The mixture was stirred slowly : 

i 

for 20 minutes then centrifuged at 12,000 rpm for 20 minutes. 

The precipitate was discarded. j 

3. The protein in the supernatant from step 2 was j 
f ractioned by the addition of ammonium sulfate. Crystalline ! 
ammonium sulfate was added with stirring until a concentration j 
40% of saturation was attained and the protein precipitate was ! 
centrifuged and discarded. Additional ammonium sulfate was added i 
with stirring until a concentration 70% of saturation was 
attained and the protein precipitate was centrifuged, collected, j 
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and redissolved in the minimum amount of a buffer, pH 6.5 , 
containing 0.03 M sodium phosphate , ImM j 
ethylenediaminetretraacetic acid disodium salt, ImM ; 
beta-mercaptoethanol, and 0.02% (weight /volume) sodium azide. ! 
This solution was dialyzed against 2 liters, of the same buffer 
(18 hours f 2 changes of buffer) • 

4. A DEAE-cellulose column (Whatman DE-52, 1.6 x 30 j 
era) was equilibrated with the buffer from step 3. The sample was . 
loaded on the column and washed until no more protein could be 
detected in the effluent as measured by the OD28O (<0.02) • AO— 
0-5 M NaCl linear gradient was established, 250 ml total volume, 
flow rate - 4 ial/10 minutes/fraction. Transaminase activity 
eluted between 0.09 and 0.2 M Nad and was pooled and dialyzed 
against 2x2 liters of a buffer, pH 6.5, containing 0.03 M 
sodium phosphate, ImM ethylenediaminetetraacetic acid disodium 
salt, ImM beta-mercaptoethanol, 0.02 mM pyridoxal phosphate. i 

5. The transaminase solution was loaded onto a column 
of hydroxyapatite (2.6 x 30 cm) and equilibrated in the dialysis 
buffer of step 4. The transaminase activity was not retained by 
the column and was concentrated to approximately 4 ml using an 
Amicon ultrafiltration apparatus with a YM 30 membrane. i 

6. The concentrated transaminase from the previous 
step was loaded onto a Sephacryl S-200 column, 2.6 x 90 cm, in a 

solution of 0.05 M Tris pH 8.0, 0.02 mM pyridoxal phosphate, ImM I 

i 

ETDA, and ImM beta-mercaptoethanol. Elution with the same buffer j 
gave a band of transaminase activity eluting soon after the void I 
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1.1 

volume. This material was stored at 4°C and was stable for at 

least 4 months. 

Oxaloacetate decarboxylase can be prepared from 
Micrococcus luteus, Pseudomonas putida, or the like, by similar 

i 

procedures as is well known in the art. 

j 

Sample 2. Preparation of L-Phenyl alanine i 

i 

To 0.8ml of pH 7.0 solution consisting of 5QmM potasium ; 

phosphate buffer, 12.5mM phenylpyruvate, 25mM L-aspartic acid, j 

! 

1.25raM manganese sulfate, 5raM pyridoxal phosphate, and 1.5 S 
international unit's of oxaloacetate decarboxylase was added 0.2ml 
of a solution at pH 7.0 containing 0.3 international unit CIU) of; ^ 
transaminase. Both immediately, and after incubation at 22°C for ; 
12 hours, the reaction mixture was assayed for phenylpyruvate. j 
The level of conversion was calculated to be 98.5% based on the \ 
amount of phenylpyruvate converted. Amino acid analysis of the j 
reaction mixture showed only two peaks corresponding to 
L-phenylalanine and unreacted L-aspartic acid. No other amino 
acid products were detected. 

Example 3. immobilization of transaminase and 
^ oxaloacetate decarboxylase 

An aqueous solution of 2.0ml of 50mM potassium phosphate, 

pH 8.0, containing 1.5 units of transaminase and 5.4 units of 

oxaloacetate decarboxylase isolated from Micrococcus luteus was 

added to 5ml of DEAE-celulose gel (Whatman DE-52) previously 

equilibrated to pH 8.0 in 50mM phosphate buffer. After gentle 
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agitation for 5 minutes, assaying for both the transaminase and i 

t 

the oxaloacetate decarboxylase indicated that the enzymes had ! 
been adsorbed on the DEAE-celulose and the remaining solution was i 
decanted from the gel, i 

Example 4. Alternative Preparation of L-Phenyl alanine 

To the immobilized enzyme preparation of Example 3 were 
added solutions of potassium phosphate, 50 mM, pH 8.0 f 2.0 ml; • 
phenylpyruvate , 50nW T 0 . 5ml ; 1-aspartate , 50mM, 0.5 ml, and manganese sulfate, 
10 mM, 1.0 ml. After a 12 hour incubation, the assay Indira ted a level of 
conversion of phenylpyruvate to L-phenyl alanine of 96%. This was 
confirmed by the detection of I*- phenyl alanine by paper 
chromatography using an elution solvent of 
n-butanol : ace tone: ammonium hydroxide: water 5:3:1:1. 
Determination of the amino acid content of the reaction mixture 
using a Dionex amino acid analyzer showed only two detectable 
peaks corresponding to L- phenyl alanine and L-aspartic acid. 

The L-phenylalanine was purified using BioRad AG 50 1X8 
20-50 mesh mixed bed ion exchange resin. The crude reaction 
mixture at pH8.0 was passed down a column of the resin previously; 
equilibrated to the same pH and the column was eluted first with 
2 column volumes of water and then 50 mM potassium phosphate 
buffer, Ph 8.0. Phenylalanine can be recovered from the eluent I 

i 

by lyophilization or by acidification and crystallization. 
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Example 5 . Alternative Preparation of L- Phenylalanine 

A 19 ml solution of 50mM potassium phosphate containing j 

! 

O.SmM pyridoxal phosphate, IraM MnS04 f 5 international units of j 
transaminase isolated from E. coli, 10 international units of 
oxaloacetate decarboxylase isolated from Micrococcus luteus, 50 
mM phenylpyruvate , and 65 mM L-aspartic acid was incubated at 12 
hours at 24°C. At the end of this time, quantitation of the 
amount of phenylpyruvate by removing a 50 microliter aliquot, ! 
diluting to 1.0ml with 2.5% NaOH, and reading the optical density, 
at 320 nm indicated that all of the phenylpyruvate had been 
converted to L-phenl alanine. Paper chromatography on Whatman 3MM 
paper using butanol : acetone: ammonium hydroxide s water 5*3:1:1 as 
eluent, followed by staining with 5% ninhydrin dissolved in 
acetone, showed only two ninhydrin active spots corresponding to i 

i 

unreacted L-aspartic acid and to ^phenylalanine. 

Example 6- Preparation of L-Tyrosine j 
A solution buffered at pH 7.0 by 50mM potassium phosphate; 

containing MgS04, ImM; p-hydroxyphenylpyruvate, lOmM; L-aspartic \ 

i 

acid, 10mM; transaminase, 0.1 mg/ml; and oxaloacetate 
decarboxylase isolated from Pseudomonas putida (ATCC 950) , 0.1 
rag/ml was incubated for 1 hour at 24°C. At the end of this time, 
assay indicated that no p-hydroxyphenylpyruvate remained. 
Quantitation of the amount of L-tyrosine produced by the 
injection of an aliquot in a Dionex amino acid analyzer gave a 
yield of 99% on a molar basis from p-hydroxyphenylpyruvate. 
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The L-tyrosine and the pyruvic acid so produced can be 
purified by a method similar to that used for L-phenyialanine in 
Example 4 or other methods well known in the art. 

I 

i 

Example 7« preparation of L-Tryptophan 

A solution of indole-3-pyruvate, 20mM; L-aspartic acid 
20mM; MgCl2/ l«5mM; transaminase, 0.3 mg/ral; oxaloacetate j 
decarboxylase, 0.3 rag/ml buffered to pH 7.0 with 5mM 
tris-hydroxyraethylaroinomethane hydrochloride (Tris) was stirred 
slowly for 2 hours. At the end of this time the reaction is 
complete. The L-tryptophan and pyruvic acid produced can be 
purified by methods well known in the art. 

■ 

E xample 8. Preparation of L-Leucine 

A solution containing HgCl2r 2.5 mMj | 
-2-oxo-4-methylpentanoic acid, 100 mM; L-aspartic acid, 100 mM; j 
transaminase, 1.0 mg/ml; oxaloacetate decarboxylase, 1.0 mg/ml, ; 
pH adjusted to 7.0 with NaOH, was stirred slowly at 30°C for 4 j 
hours. The L-leucine and the pyruvic acid formed can be purified ! 
by any methods well known in the art. 

Eaca aglfi Q - Preparation of L-Valine 

A solution containing MgCl2/ 2.5 mM; 
2~oxo-3-methylbutanoic acid, 100 mM; L-aspartic acid, 100 mM; 
transaminase, 1.0 mg/ml; oxaloacetate decarboxylase, 1.0 mg/ml, 
pH adjusted to 7.0 with NaOH, is stirred slowly at 30°C for 4 
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hours. The Ii-valine and the pyruvic acid formed can be purified 
by any methods well known in the art. 



Example 10. Preparation of L-Serine 

A solution containing MgCl2# 2.5 mM; 3-hydr oxy pyruvate , 
100 mH; L-aspartic acid, 100 mM; transaminase, 1.0 mg/ml; 
oxaloacetate decarboxylase, 1.0 mg/ml, pH adjusted to 7.0 with 
NaOH is stirred slowly at 30°C for 4 hours. The L-serine and the 
pyruvic acid formed can be purified by any methods well known in 
the art. 

Example 11. Preparation of^ L- Methionine 
A solution containing MgCl2' 2.5 
mM;-2-oxo-4-thiomethylbutanoic acid, 100 mM; L-aspartic acid, 100 
mM; transaminase, 1.0 mg/ml; oxaloacetate decarboxylase, 1.0 
mg/ml, pH adjusted to 7.0 with NaOH, is stirred slowly at 30°C 
for 4 hours. The L-methionine and the pyruvic acid formed can be 
purified by any methods well known in the art. 

Example 12, Preparation of L-4-phenyl-2-aminobutanoic, ac_id 
by B« cpli K-12 Transaminase 

Ethvl 4-phenvl-2-oxabutanoate (Chemical Dynamics) (206 ma. 1 

mMple) was suspended in 10 milliliters of P.1M NaQM* and the 

mixture was stirred for 30 minutes until the pH dropped to below 

3.6, indicating complete hydrolysis .of the ethyl ester. Xhe 

mixture was centrifuged briefly r and the colorless supertanant 

■Containing A-phftn y i-2-oxobiitanoic aci d SflfljjUP ^U. was dftCante^ 
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ft, solution containing 0-700 ml pff 8.0 50mM potassium phosphate 
buffer, 0.10 ml of the above 4-phenvl-2-oxobutanoate solution, 
0.050 ml. 500mM disodium ^asparta te. 1.0 international unit of 
malic dehydrogena se. 0.1 international units of aspactic 
transamina se purified from E. coli K-12. 0.1 Uticromole PVridOxal ! 

phosphate fSigma) . and 0-25 ma nicotinamide adenine dinucleotide j 

j 

In the reduced form (Sigma) was prepared. The decrease In the absorbance of the ; 
solution at 360 nm was indicative of reaction. This change vaas not observed j 
in. controls In whjjch transaminase, malic dehydrogenase , 

^aspartate, or 4-phenyl-2-oxobut anoate were the only component 
omitted- The rate of the r eaction was approximately 16-18% of 
the correspondin g reaction using phenvlpvruvate in Place of 
4-phenvl-2-oxobutanoate, 

i 

Example 13- Production of I^4-Phenvl-2rAminobutanoic Acid 1 
^y immobilized Enzvmes » 

Transaminase from coli and oxaloacetate decarboxylase I 

from Paeudomonag pufcida at cc 950 are immobilized on succinvl | 

\ 

aminopropvl porous glas s (Corning) bv covalent attachment using i 
the carbodiimide method described bv Weetall. — The iiMipbUigefl 

enzyme i s loaded into a glass column. ft solution of j 

2-keto-4-phenylbuta noic acid (18 g/liter) , L-aspaitic acid (15 | 
g/llter) , pyridoxal phosphate (0.05 g/liter) , MqQ?^_£Ho 0^12^01 j 
g/liter) buffered by 50mm potassium phosphate with a PH of 7,1 Isi 
pumped through th e column and the effluent is collected in j 
fractions. The ext ent of conversion is monitored bv assaying fori 
pyruvic acid usin g lactic dehydrogenase. Xhfi 
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L-4-Phenvl-2-aminQbutanoi= acid anri pyriwln a cid nrnrhjcts art. 
Purified bv ion exchange chroma tography to yield piirf. 

L -4-Phenyl- 2 -am l ngpntfino i c ( raigo = -470, and wrmH „ a ^^ > 

Examp l e 1 4. Preparation of r- PhenvlaianinP From ft 
D,L Racemic Mixture 

Df L -phenYlalanine (1.65 g/liter) . Dvridoxal phosphate <n.O?fl 

q/ l iter)r transam i nase from R. coli (?.soo unitR/ n ter) ■ p-m " in ^ 

acid oxidase from porcine kidney (1 ,000 units/liter! r 
QXaloacetate dicarboxvlase from Psuedomnn a s putid* (ATP.P 9^ 0 T 
20,000 Units/liter), and catalase from As p ergillus nicer (arp a ^ r 
than IQQrQQO units/liter), were mixe d at a r>H of 7.0 in a shallow j 
cyl i ndrical vessel bv rotary mixing for ftp minutes- Aliquot* J 
were taken at regular intervals and assay e d for pyruvate pr^ T1 ^ 
as a message of percentage conversion, 

The rate of conversion o f p. ^-phenylalanine to 
L -phenv l a l anine was linear over the period o-ao minutes- fi a ^ 
Cn this rater the Productivity of th e catalytic system was l.flfi 
IMDvles D-phenvlalanine in the D.r. -mixture convert^ ft p 
L-Phenvlalanine per hour. 

E xamp l e 1 5. Alternative Preparation o f ^Phenylalanine 
From A D.L Racemic Mixture 

D, L -phenvIa l an i ne (1 , 4 2 g/Hter) , ft-anpartio acid n a/iifpn. 
pyr i doxa l phosphate (0.056 g/iiter), Mari ? .6 h 2 q (2.03 gZJJj^rJ 
D-ar ai no ac i d px i danft from porcine kidnev Mas nni t a/»n. p^^i^q 
frcm bev i ne l iver (greater than 100,000 units/mi) , t r ansaminase 
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from coll K-12 ( 5,ooq units/liter), oxaloacetate decarboxylase 

from Pseud nmonas putida (ATCC 950? 19.000 units/liter) were 
Incubated at pH 7.5 by rotary shaking in a shallow cylindrical 
vessel. Aiiguots w ere taken at time intervals and assayed for 

pyruvate as a mea snre of completeness of the reaction. After 1Q5 

minutes. 3.51 mmo 3 es pyruvate had been produced Per liter for a 
conversion of 81%, The productivity of the catalytic system 
un ^er these conditions was 346mq L-ohenvialanine produced flQ ifl 
the n-phenvlalanin e in the D.L-mixture Per hour. 

Example 16. Preparation Qf L-Leucine From A 
p.r, Pacemic Mixture 

n.r^leucin P ni.2 q/iiter) . L-aspartic acid (Q . S8 q/Ut») i 

pyridoxal p hosnhate (0.070 a/liter) , MqCl ^^^Jfr O (2.03 q/Uter> r 
p-amino acid oxida ^ from porcine kidnev (15,000 units/liter), 
cat^alase from Aspe r gillus nicer (150.000 units/liter) , 
transaminase from R. noli K-12 (fi.OOO units/liter). oxaloacetate 
decarboxy lase from Pseudomonas Putida ATCC 95Q (2QrQ0Q 
units/liter) are in c ubated at ?.5»C and at PH 7,5 with rotary 

shaking in a cylind r ica l vesse l w i th baf f l er to i ncrease 

oxygenatio n of the solution. The react i on 1 8 fo ll owed tO 

completion bv remo ving allauots and assaying for pyruvate. 
r.-leuclne is purified from t he reaction mixture bv ion exchange 
chromatog raph y to y ield a pure product, — Pyruv i c ac i d i s a l fiP 
recovered similarly as its sodium salt. 
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a&am plfi Preparation of L-valine From A 

p fT( pA^mic Mixture 
n.T.-Valin* i22^A a / liter). L-asoartic acid ( 1 3 . 3 q/ li ter) * 
pvridoxal p hos phate (0.060 a/liter) , MgGl ^^ii^ O C? .03 fl/ l itcr) 
naming ac j j r^viH afie n ^ .ooo unit s L 1 i ter) , flf i ta l ase ( 1 50,000 
nnifcs/litftr) , R- c o l i transaminase B, B.C. 2,6.1.fii Sfifi MQnnier 

Pt Bi ag hsaig s»- 663-67S, (10,000 units/ li ter), 

nyaloaceU^ decarhoyylase f rnm PseudomonaS PUtlda ATCC 950 

f?.s.ooo unitaZlitfijj * re incubated with shaking and a&rafcifln at 

?s°r and yp 7.5- Thf> produ c ts r,-valine and pyruvic ac i d ftEE 
se parated: *p< ^ puri f ied bv ion exchange methods to y i e l d 

hpmnaenepiis T^val i nP and homogeneous SPdlUffi PytUVat^ 

The invention has been described in detail including the 
preferred embodiments thereof. However, it will be appreciated 
that those skilled in the art, upon consideration of the 
disclosure herein, may make modifications and improvements within 
the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A process for producing alpha amino acids or 
derivatives thereof , said process comprising reacting an 
alpha-keto acid with L-aspartic acid in the presence of 
transaminase enzyme to produce (1) an alpha amino acid 
corresponding to said alpha-keto acid and (2) oxaloacetate; and 
decarboxylating said oxaloacetate* 

2. The process of claim 1 wherein the said transaminase 
is a purified or partially purified enzyme preparation, or is 
contained within a whole cell. 

3. The process of claim 1 wherein the said step of 
decarboxylating oxaloacetate is accomplished using an 
oxaloacetate decarboxylase enzyme. 

4. The process of claim 3 where the said oxaloacetate 
decarboxylase enzyme is a purified or partially purified enzyme 
preparation, or is contained within a whole cell. 

5. The process of claim 3 wherein said transaminase and 
said oxaloacetate decarboxylase are each immobilized on an 
insoluble support. 
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6. The process of claim 5 wherein said immobilization 
support is controlled pore ■ ceramic particle or controlled pore 
glass particle. 

7. The process of claim 5 wherein said transaminase and 
said oxaioacetate decarboxylase are both immobilized on the same 
support. 

8. The process of claim 5 wherein the said transaminase 
and oxaioacetate decarboxylase are adsorbed on diethylaminoethyl 
cellulose. 

9. The process of claim 1 wherein said transaminase is 
an aromatic amino acid transaminase. 

10. The process of claim 1 wherein said alpha-keto acid 
is selected from the group consisting of phenylpyruvic acid, 
p-hyroxyphenylpyruvic acid r 3- ( 3- indolyl) pyruvic acid r 
3-(4-iraidazoyl)pyruvic acid. 



11. A process in accord with claim 5 wherein 
phenylpyruvic acid is reacted with L-aspartic acid in the 
presence of an aromatic amino acid transaminase and an 
oxaioacetate decarboxylase, thus producing L-phenylalanine. 
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12. The process o£ claim 1 wherein the said transaminase 
is an enzyme selective for 1 the transamination of amino acids with 
branched side-chains. 

13. The process of claim 1 wherein the said alpha-keto j 
acid is selected from the group consisting of j 
2-oxo-3-methylbutanoic acid, 2-oxo-4-raethylpentanoic acid, j 
2-oxo-3-methylpentanoic acid, and 3-hydroxypyruvic acid. j 

i 

14. The process of claim 1 wherein the said transaminase : 
is an enzyme capable, of catalyzing the transamination of 

hydroxy pyruvate to L-serine. 

15. The process of claim 1 wherein the said transaminase 
is an enzyme isolated from a microorganism selected from the 
group consisting of Escherichia coli, Bacillus subtilis, 
Achromobacter eurydice, or Klebsiella aerogenes. 

16. The process of claim 3 wherein the said oxaloacetate 

i 

decarboxylase is an enzyme isolated from a microorganism selected j 

i 

from the group consisting of Micrococcus luteus, Pseudomonas j 
putida, or Azotobacter vinelandii. 
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17. The process 5f claim 3 wherein the said oxaloacetate 
decarboxylase is reacted in the presence of a metal ion selected 
from the group consisting of Hn ++ r Cd ++ , Co ++ , Mg ++ , Ni ++ , Zn ++ , 
Fe+ + , and Ca ++ . 

I 

j | 

;j ift. a pr ocess for producing alpha 

i 

j T,~4~phenyl-2-aminobutanoi c acid or derivatives thereof, said 

process comprising r eac t i ng 4-Pheny l - 2 -QXQbutan . Qic ac i d with j 
T,^asparfcic acid in the presence o f transaminase enzvme to produce ; 
r,-4-phenYl-2-amin obutanoic acid and oxaloacetate , and 
decarbox ylatina said oxaloacetate, 

^ I 
1Q. A process for producing r ,-amino acids directly from 
the corre spondi n g D.fr-amino acid racemic mixture, said process 
^offll? r1«*" g reacting said n.r,- amino acid mixture in admixture with 
^ n-amino acid o xidase and a transaminase in the presence of a 
suitable amino group donor. j 

I ; 

j so _ The process of claim 19 wherein said amino group 

donor is r.-olutamic acid, 

21, The process of claim 19 wherein said amino group 
donor ifi r.-aspartic acid. 

91. The process of claim 21 wherein said admixture 
further comprises an oxaloacetate decarboxyl a s e. 
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; H, The pro^g of cl aim 19 wherein said adm i xture 
further comnrises a catalase, 

2 4 r The pr^ess of c - jiaim 23 wherein said admixture 
frpntainf a. p^t-al oxide. 

^, The pp^ RS of 24 wherein said metal pxide is a 

manganese oxide* 

?f fn Th* nr o r^" o£ claim ?5 wherein the said manganese 
oxide is Mn2Q3-*. 

2 7 . The pr^ sfi Qf ^ 1am 19 ^rein the D-aiaino ac i d 
ojddafifi « n i* ^^n^aminasp are each a purif i ed or part i al l y 
pnrified finKY"* p ^ raHon - QC are contained with i n whole cel l s, 

? ft , Th ft piw^fi of s iaia £Z wherein the enzvmes are 

immobllj ? ;^ on a n insoluble SUPPPrt. 

a process Qf claim 2fi wherein said .immpbi lizat i pn 
p^ippori, 1 R nnnfrTDii rf v*r* ceramic particle or controlled ppre 
glass particle. 

™ The grflgfifig of clAiifl Zfl wherein the said rniKYmeg are 
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31- The procegg of claim 2 ft wherein the said enzvmes are 
adsorbed on diethy laminoethvl cellulose, 

32- The process of claim 19 wherein said transaminase j S 
an aromatic amino acid transaminase. j 

\ 

33. The process of claim 19 wherein the said transaminase ; 
is an enzyme isolt ed from a microorganism selected from the qrPUP 
consistin g of Escherichia coll. Bacillus SUbtilis, AchrgmPbflctei ; 
enrydice. or Klebsiella aeroqenes. 

34. The process of claim 22 wherein the said oxaloacetate i 
decarboxylase is an enzyme isolated from a microorganism selected . 

from the g rou p consisting of Micrococcus luteus, Psettdompnas j 
putida. o r Azotobar.ter vinelandii. 

i 

35. The process of claim 22 wherein the said c-xal oacetate ; 
decarboxylase is reacted i n the presence of a metal ion selected 
from the cr on y consisting of Mn++, Cd*+ . CO++. Mg±t« Nl^r Zn*+r ! 
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